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VARIANTS OF THE GAMMA CHAIN OF AMPK, DNA SEQUENCES 
ENCODING THE SAME, AND USES THEREOF. 
The present invention relates to new variants 
of the Y chain of AMP-activated protein kinase (AMPK) , to 
5 genes encoding said variants and to uses thereof. 

AMPK has a key role in regulating the energy 
metabolism in the eukaryotic cell (HARD IE et al., Annu. 
Rev. Biochem., 67, 821-855, 1998; KEMP • et al., TIBS, 24, 
22-25, 1999) . Mammalian AMPK is a heterotrimeric complex 
10 comprising a catalytic a subunit and two non-catalytic p 
and y subunits that regulate the activity of the a 
subunit. The yeast homologue (denoted SNF1) of this 
enzyme complex is well characterised; it comprises a 
catalytic chain (Snfl) corresponding to the mammalian a 
15 subunit, and regulatory subunits: Sipl, Sip2 and Gal83 
correspond to the mammalian p subunit, and Snf4 
correspond to the mammalian y subunit. Sequence data show 
that AMPK homologues exist also in Caenorhabditis elegans 
and Drosophila. 

20 It has been observed that mutations in yeast 

SNF1 and SNF4 cause defects in the transcription of 
glucose-repressed genes , sporulat ion , thermotolerance , 
peroxisome biogenesis, and glycogen storage. 

In the mammalian cells, AMPK has been proposed 

25 to act as a "fuel gauge" . It is activated by an increase 
in the AMP : ATP ratio, resulting from cellular stresses 
such as heat shock and depletion of glucose and ATP. 
Activated AMPK turns on ATP-producing pathways (e.g. 
fatty acid oxidisation) and inhibits ATP-consuming 

30 pathways (e.g. fatty acid and cholesterol synthesis), 
through phosphorylation of the enzymes acetyl-CoA 
carboxylase and hydroxymethylglutaryl-CoA (HMG-CoA) 
reductase. It has also been reported to inactivate in 
vitro glycogen synthase, the key regulatory enzyme of 

35 glycogen synthesis, by phosphorylation (HARDIE et al., 



1998, supra); however, whether rri . 

Several isoforms of the thr** nm* 
subunits are present in different AMPK 
present an mammals t« i 



on HSA12q24.1 and pjugu^ (not v*t- 
respectively encode isoforms 01 and fi 2 0 f Je l 
and PRKAG1 on HSA12al3 1 „ P subunit, 

xo ™ y encore r a::Tcr th ; sA7q35 - 36 

(OMIM database httn-// Y subun it 

existence of a third ± ofo™ ^ -»*io» the 

but do not provide an, in,T V- T ° f mPK 

i * ^ iae an y information about if an ,i 

15 the sequences of these v ,„k Analysis of 

tnese y subunits shows thai- 
essentially composed of four cvstaths.fi * 
domains whose function is ^ Stathl ° ne P Wthase (CBS) 

r uitin g from . r^rs^ :°f :~ ct 

has yet been documented. * subuni ^ 
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assumed to be homozygous for the no , ""^ 
alieie. Suoseguent studies llLT th T^' C ^Z 
-tge increase .ahout 7M , of gly cogen in ^ ^ 
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but not in liver (MONIN et al., in 38 th ICoMST, Clermont- 
Ferrand, FRANCE, 1992) . 

The large difference in glycogen content 
between RJsT and rn + pigs leads to marked differences in 
5 meat quality and technological yield (ENFALT et al., J. 
Anim. Sci., 75, 2924-2935, 1997). The RlT allele is 
therefore of considerable economical significance in the 
pig industry and most breeding companies would like to 
reduce or eliminate this dominant mutation. 

10 The RN phenotype can be determined by 

measuring the glycolytic potential in muscle biopsies 
from live animals, or after slaughter (MONIN et al., Meat 
Science, 13, 49-63, 1985) . However, this method has 
severe limitations for application in practical breeding 

15 programs. The accuracy of the test is not 100%: as there 
is some overlap in the phenotypic distribution of RAT and 
rn + , the test is not able to distinguish RN~/RN~ 
homozygotes and RNVrn + heterozygotes . Further, the 
sampling of muscle biopsies on live animals is invasive 

20 and costly. 

Thus, there is a strong need for the 
development of a simple diagnostic DNA test for the RN 
locus. Moreover, the dramatic phenotypic effect of the RN 
gene in pigs implies that this gene has an important role 

25 in the regulation of carbohydrate metabolism in skeletal 
muscle in other vertebrates, in particular mammals. 

Skeletal muscle and liver are the two major 
reservoirs of glycogen in mammals and the observation of 
an increased muscular glycogen while liver glycogen is 

30 normal suggests that the RN" phenotype maybe due to a 
mutation in a gene expressed in muscle but not in liver. 
The inventors have previously reported' that the RN gene 
is located on pig chromosome 15 (MILAN et al., Mamm. 
Genome, 7, 47-51, 1996; MARIANI et al., Mamm. Genome, 7, 

35 52-54, 1996; LOOFT et al., Genetics Selection Evolution, 
28, 437-442, 1996) . They have now discovered that the RN~ 
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allele is associated with a non-conservative mutation ■ 
a gene encoding a new muscle-specific isof T " 

activated protein kinase (AMPK)y chain °' ^ ^ 

The various aspects 
S are hased upon the -i.c^t,,'!^^^^ 

:::i::°; n r the « 

According to the invention it i, „h 
mutation in a v ^h»4„ ^ shown that a 

111 a y chain of AMPK r*»<snH- = 

une y cnam of AMPK Thnc 4*. 
dysfunctions of t-h* , Potential or actual 

- ab0 ii3 m , in Partic r ar i„ r ~, u r le . carbohyd - te 

The invention provides 
comprising .„ amino acid ..J^. l *' . 3 **»1>tid. 

20 identity or at least 85. T , " 9 " leaSt 70% 

identity or at lee ^ "^X"'' P "'"" M * 80 » 
least 90% identity or at least 95* ° Preferab ^ " 

-re prefera b ly L ^ ' « * T 

Similarity. „ ith the polypeptide ^0 10 KO 2 "* 

25 mventron also provides an isolated nucleic acid . 

encoding said polypeptide, as well a" the , """"^ 

said nucleic acid sequence. complement of 

s a id polypeptide represents * „„ 

Identity" of a sequence with a re- 
sequence refers fo +-k~ reference 

ers to the Percent of residues thai- . 

same when the two sequences are aligned fo 

S correspondence between residues positions ft no, maXlmUI " 
having an amino ,~ 4H P 10ns ' A Polypeptide 

ammo acid sequence having at- least X% identity 



with a reference sequence is defined herein as a 
polypeptide whose sequence may include up to 100-X amino 
acid alterations per each 100 amino acids of the 
reference amino acid sequence. Amino acids alterations 
include deletion, substitution or insertion of 
consecutive or scattered amino acid residues in the 
reference sequence . 

"Similarity" of a sequence with a reference 
sequence refers to the percent of residues that are the 
same or only differ by conservative amino acid 
substitutions when the two sequences are aligned for 
maximum correspondence between residues positions. A 
conservative amino acid substitution is defined as the 
substitution of an amino acid residue for another amino 
acid residue with similar chemical properties (e.g. size, 
charge or polarity) , which generally does not change the 
functional properties of the protein. A polypeptide 
having an amino acid sequence having at least X% 
similarity with a reference sequence is defined herein as 
a polypeptide whose sequence may include up to (100-X) 
non-conservative amino acid alterations per each 100 
amino acids of the reference amino acid sequence. Non- 
conservative amino acids alterations include deletion, 
insertion, or non-conservative substitution of 
consecutive or scattered amino acid residues in the 
reference sequence . 

For instance, searching the "GenBank nr" 
database using BLASTp (ALTSCHUL et al., Nucleic Acids 
Res., 25, 3389-3402, 1997) with default settings and the 
whole sequence SEQ ID NO: 2 as a query, the higher 
percent s of identity or similarity with SEQ ID NO: 2 were 
found for: 

- yl subunit of human AMPK: 65% identity or 
82% similarity (score: 399); 

- yl subunit of rat AMPK: 65% identity or 82% 
similarity (score: 399); 
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80 o . Yl Subunit of murine AMPK: 64% identity or 

80* similarity (score: 390); 

or 75* sirail " Y / UWit ° f ^ophila AMPK: 53% identity 
or /Do similarity (score: 332); 

- Yeast Snf4: 33% identity or • 
(score: 173). entity or 56* similarity 

Polypeptides of the invention include for 

ei ::: the a : y ~ m s^lz: 

semi synthetic, or recombinant) f rom any vertebrate 
species, m0 re specifically from birds, such as pou ltr y 

iirt 5 ; h inciud±n * bovine - ^ uz; 

equine, and human, and comprising, or consisting of the 
ammo acid sequence of either: 

- a functional Prkag3; or 

- a functionally altered mutant of Prkag3 

normal bio! " ^f^* 1 '' refers to", protein having a 
normal biological activity. Such a protein may comprise 

ac i^; ut i:rh inducing no substantiai ch — * 

activity, and having no noticeable phenotypic effects 
Non limitative examples of functional Prkag3 L: 

- a porcine Prkag3 represented in the 
enclosed sequence listing under 
SEQ ID NO: 2; 

- a human Prkag3 represented in the enclosed 
sequence listing under SEQ ID NO: 4; 

- a V4 0I variant of Prkag3 resulting from 
the substitution of a valine residue in 
position 40 by an isoleucine residue 

A "functionally altered mutant" of a protein 

err;: 36 ! 006 ; 17 SeVSral « substantia 

change m its activity. such mutations include in 
particular deletions, insertions nr lncJ - u <^ in 

subsH . nH £ insertions, or non-conservative 

ITsZITT t °H r ino acid resldues in * 

Th!! bi°l°gical activity of said protein 

of a Y ctTv y itv in " anCe in 3 Pa " ial ~ ^ £ 
actrv lt y, or conversely in an increase of actlvity# or 




in an impairment of the response to regulatory effectors. 
A non-limitative example of a functionally altered mutant 
of Prkag3 is the R41Q variant resulting from the non- 
conservative substitution of an arginine residue by a 
5 glutamine residue in position 41. This non-conservative 
substitution occurs inside a portion of the first CBS 
domain that is highly conserved between Prkag3 and the 
previously known isoforms of the y subunit of AMPK. 

Residue numbers for Prkag3 refer to the amino 

10 acid numbering of SEQ ID NO: 2 or SEQ ID NO: 4. Alignment 
of human and porcine Prkag3 sequences with previously 
known yl and y2 isoforms is shown in Figure 3. 

The invention also provides mutants of Prkag3 
which may for instance be obtained by deletion of part of 

15 a Prkag3 polypeptide. Said mutants are generally 
functionally altered. They may have an identity with the 
overall Prkag3 sequence lower than 70%. However, the 
identity of the non-deleted sequences of said mutants, 
when aligned with the corresponding . Prkag3 sequences 

20 should remain higher than 70%. Said mutants may for 
instance result from the expression of nucleic acid 
sequences obtained by deletion or insertion of a nucleic 
acid segment, or by a punctual mutation introducing a 
nonsense codon, in a nucleic acid sequence encoding a 

25 functional Prkag3. 

The invention also provides a functionally 
altered mutant of a y subunit of AMPK, wherein said mutant 
comprises at least one mutation responsible for said 
functional alteration located within the first CBS 

30 domain, and preferably within the region thereof aligned 
with the region spanning from residue 30 to residue 50 of 
a Prkag3 isoform. Said mutation may result from the 
insertion, deletion, and/or non-conservative substitution 
of one amino-acid or of several amino-acids, adjacent or 

35 not. More preferably the mutation is located within the 
region spanning from residue 35 to residue 4 5 of a Prkag3 
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isoform, or within 

lttlln the region of a yl or v? • * 

aligned therewith, for instance within the ' 

spanning from residue „ the region 

Acco rding to . partioular embodime e nt 7s ; a f id the ; 1 .««»*«-. 

non-conservative substitution. prefe rabl °" " " 

substitution. Advantageousiy, the Station ij 1 \ ^ 
residue 41 of the Pr te g3 isofor m or at d " 

residue of a yl or y2 isof n ™ * ' a corres Ponding 

of the yl isofonn . * 1S ° f0m ' f ° r at residue 70 

10 



«™ whereJ^eTstur ^ ™ ^T^^ 
the invention. Polypeptide of 

is a dd 3e q ue„: e v~ ai ;:/Tf ide : h e isol r nucieic 

15 functional or functionally altered Prkaa, T^* 1 ™* 
altered mutants of a y subunit o Ipk ' ^T^*"* 
fences co mpl e me ntary of any one of^ ^ act 

- nucleic acid^rr segued ^ of £ ^ 
occurring alleles of a PSK4r? -naturally 

-> PRKAG3 gene, as we ll 

isolated nucleio acid having the seen *** 
artificial mutant of a PRKAG3 am se <^nce of an 

nucleic acid does not ' Pr ° Vided that said 

25 AA178898. ' ° f fc he EST GENBANK 

This also includes any i sola . eH , . 
having the seguence o, a natural or srtiflt , "** 
a PRKAG1 or a «umg;> ™,n. artificial mutant of 

functionally aiteTed w o r ' I T " UtMt enc °°« « 

30 above. ° r r2 SUbunit of AMPK as defined 

obtained by^ i I e a i l 1 t, SeqUen ° eS °' ^ imCTl ™ -y oa 

technology and/or of : nmeth ° dS ° f "oombinant D Nfl 

-athods IL llill to • , C 1 These 

^ a naturaliy o^^T^^T *» 




Examples of nucleic acid sequences encoding 
naturally occurring alleles of a PRKAG3 gene are 
SEQ ID NO: 1, which encodes a naturally occurring allele 
of the porcine gene and SEQ ID NO: 3, which encodes a 
naturally occurring allele of the human gene. They may be 
used to generate probes allowing the isolation of PRKAG3 
from other species or of other allelic forms of PRKAG3 
from a same species, by screening a library of genomic 
DNA or of cDNA. 

The invention also includes genomic DNA 
sequences from any vertebrate species, more specifically 
from birds, such as poultry, or mammals, including in 
particular bovine, ovine, porcine, murine, equine, and 
human, comprising at least a portion of a nucleic acid 
sequence encoding a polypeptide of the invention, 
preferably a portion of a PRKAG3 gene, and up to 500 kb, 
preferably up to 100 kb of a 3' and/or of a 5' adjacent 
genomic sequence. 

Such genomic DNA sequences may be obtained by 
methods known in theart, for instance by extension of a 
nucleic acid sequence encoding a polypeptide of the 
invention, employing a method such as restriction-site 
PCR (SARKAR et al., PCR Methods Applic, 2, 318-322, 
1993), inverse PCR (TRIGLIA et al., Nucleic Acids Res., 
16, 8186, 1988) using divergent primers based on a Prkag3. 
coding region, capture PCR (LAGERSTROM et al., PCR 
Methods Applic, 1, 111-119, 1991), or the like. 

The invention also includes 'specific fragments 
of a nucleic acid sequence encoding a polypeptide of the 
invention, or of a genomic DNA sequence of the invention 
as well as nucleic acid fragments specifically 
hybridising therewith. Preferably these fragments are at 
least 15bp long, more preferably at least 20bp long. 

"Specific fragments" refers to nucleotidic 
sequences that are found only in the nucleic acids 
sequences encoding a polypeptide of the invention, and 
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are not found in nucleic acids sequences enrn^ 
Polypeptides of the prior art ThTT , nC ° dlng related 
acid fragments that consist of a ^ nUCle±C 

o f the knoW n m or ;;^;u e ; equence sh — — - 

stringent conditions, onl y ^th nuclei ' a^"' ^ 
encoding . polypeptide of the invent SSqUenCeS 
hybridising with nucleic *ri* mention, without 

Polypeptides of the P : or art 

acid fragments th J cons ^ T^^* th * 

sequence shared with one of the known P^ G T °' 3 
genes. own p RKAGl or PRKAG2 

GENBANK ^ ""JTJ' C ° nSlSt °' EST 

excluded. complement thereof are also 

~ z e™ ai :red hybridisi - 

or probes or for rt«t-^ • ed as P r imers 

The invention encompasses set „ „ invention, 
least one primer consisting of a specirTo C ° mP " Sin9 " 

hyb tidisin 9 „ i eic acid j agment t::z;; a zr icaiiy 

-ctors co m prrsinr V r t n u D cleic al rcid PrOVideS ^ ^ 
Polypeptide o t the invent^. ^T"^ « 
are preferably expression vectors, wherein a ^ 
encoding a polypeptide of the invention is \lac aT 
control of a PD roDri^ 0 «- Placed under 

control eie-nents The s anSOrlPtl0nal '"^lational 
introduced in a host cell T'T "* * — 
DNA and genetic enoinee »ell- K „ own recombinant 

y Uc en gineenng techniques 

euxaryotic h^V"? * Myotic or 

invention, preferablv an . ** * V ^ °* the 

prereraoly an expression vector. 
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A polypeptide of the invention may be obtained 
by culturing the host cell containing an expression 
vector comprising a nucleic acid sequence encoding said 
polypeptide, under conditions suitable for the expression 
5 of the polypeptide, and recovering the polypeptide from 
the host cell culture. 

A heterotrimeric AMPK wherein the y subunit 
consists of a polypeptide of the invention may be 
obtained by expressing, together or separately, a nucleic 

10 acid sequence encoding a polypeptide of the invention, a 
nucleic acid sequence encoding an a subunit, and a 
nucleic acid sequence encoding a P subunit, and 
reconstituting the heterotrimer . 

The polypeptides thus obtained, or immunogenic 

15 fragments thereof may be used to prepare antibodies, 
employing methods well known in the art. Antibodies 
directed against the whole Prkag3 polypeptide and able to 
recognise any variant thereof may thus be obtained. 
Antibodies directed against a specific epitope of a 

20 particular variant (functional or not) of Prkag3 or 
antibodies directed against a specific epitope of a 
functionally altered mutant having a mutation in the 
first CBS domain of a y subunit of AMPK, and able to 
recognise said variant or functionally altered mutant may 

25 also be obtained. 

As shown herein,, mutations in a y subunit of 
AMPK, and particularly mutations in the first CBS domain 
of a y subunit of AMPK are likely to cause disorders in 
the energy metabolism (e.g. diabetes, obesity) in 

30 vertebrates, including humans. Further, mutations in the 
first CBS domain or other parts of the PRKAG3 gene are 
likely to cause disorders in the muscular metabolism 
leading to diseases such as myopathy, diabetes and 
cardiovascular diseases. 

35 The present invention provides means for 

detecting and correcting said disorders. 
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sequences and,or polypeptide sequences o£ a cid 
'or the diagnostic evaluation' g e n et iC t 
prognosis of a metabolic disorder " 9 and 

for V^JZZ^JZZrS-U- ~ 
carbohydrate metabolism disorder! ! s P a <=*«=ally 

disorders correlated „ith an altered' i„ Preferabl * 
excessive, g i ycogen aocuInulation ^ " Partrcular an 

from a mutation in a gene encoding ' rssul "ng 

"herein said methods comprise detect " °* 
the expression of a w „ 9 and/or -"^soring 

- a functionally au~ * of'Ty T ~" « 
having a mutation „ ithln the ^1 * 8UbUn " of AMPK 
nucleic acid sample obtained f r " " 9 

detecting a mutation in the *L e3 ""ebrate, or 

encoding the first CBS do™! • / 9e " e ° r in a «<3«ence 

the genome of a vertebrate s * " Mt °* in 
disorder. ^rtebrate suspected of having such a 

mention, ^SA'JSSS? T" 1 ^ °* ^ 
Particular an excessive C ° rrelated an altered, in 

-scular cells and result! T"" aCCU ™ la «on in the 
functionally altered gene^ °* a 

of «PK having a mutation -L^Th , Ti^S V 
ba detected or measured using e lf T may 
monoclonal antibodies specific , POl ^ n ^ °r 

altered polypeptides of the invent ^ functi ° n aHy 

Appropriate methods are Z^IT £ . — • 

for instance enzyme-linw»rf • hey lnc lucle 

radioi^ unoassa /7; iA ^ nk ; n d d ~ S ° rbent < E ™ 
sorting (FACS , . ' ^ fluoresc ence activated cell 





The nucleotide sequences of the invention may- 
be used for detecting mutations in the PRKAG3 gene or in 
a sequence encoding the first CBS domain of a y subunit of 
AMPK, by detection of differences in gene sequences or in 
5 adjacent sequences between normal, carrier, or affected 
individuals . 

The invention provides a process for detecting 
a mutation in the PRKAG3 gene or in a sequence encoding 
the first CBS domain of a y subunit of AMPK wherein said 
10 process comprises: 

- obtaining a nucleic acid sample from a vertebrate; 

- checking the presence in said nucleic acid sample of a 
nucleic acid sequence encoding a mutant Prkag3, or a 
mutant of a y subunit of AMPK having a mutation within 

15 the first CBS domain, as defined above. 

According to a preferred embodiment of the 
invention there is provided a method for detecting a 
nucleic acid sequence comprising a mutation in the PRKAG3 
gene or in a sequence encoding the first CBS domain of a y 

20 subunit of AMPK wherein said process comprises: 

- obtaining a nucleic acid sample from a vertebrate; 

- contacting said nucleic acid sample with a nucleic acid 
probe obtained from a nucleic acid of the invention and 
spanning said mutation, under conditions of specific 

25 hybridisation between said probe and the mutant 

sequence to be detected; 
detecting the hybridisation complex. 

Preferably, the process of the invention 
further comprises, prior to hybridisation, PCR 
30 amplification from the nucleic acid sample, of a sequence 
comprising at least the portion of the PRKAG3 sequence or 
of the sequence encoding the first CBS domain of the y 
subunit of AMPK wherein the mutation is to be detected. 

Methods allowing the specific hybridisation of 
35 a probe only with a perfectly matching complementary 
sequence, and useful for the detection of punctual 
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mutations are known in the art- Tha • , 

Allele Specific PGR tcrlll Y lnClUde f ° r ^stance 

■j^iiic fCR (GIBBS, Nucleic- a^-i^ n 
2448, 1989) All^ c ' NUCieic Ac ^ Res., 17, 2 427- 

A mutation in the Pffs-ar^ e ' 
detected through detection o7 f My 3lS ° be 

linked to said lutatton °' POl ™~ — kers closely 

identifying Th 3 ald inVe :!r ~»» for 

y «y said polymorphic marker* 

0 specifically polymorphic markers c lZ r ' t h • 

genomic DNA sequence comprising at leZ ^ 3 

PRKAG3 gene, and up to 500 ^ , * P ° rtiOT ° f a 

Preferably up to 10 P 0 J ^ -^/^OO kb more 

sequence. 0t a 5 adjacent 

3 

• . Said pol y mor Phic markers may be obtain^ * 

instance, by screen * „„ obtained for 

y screenin 5 a genomic DNA libr-*™ * 
vertebrate with a n r nl , a J-i^rary from a 

wirn a probe specific for the PRKAr? 
order to select- Hnn PRKAG3 gene, in 

select clones comprising said • 
sequence and f lanking chrc^.^! 

identifying a polymorphic marker in said fx , 
chromosomal sequences. The allele(s) of a ' f1 ^^ 
marker associated with » • (S) ° f a Polymorphic 

PRKAr? giVen mu tant allele of th<* 

PRKAG3 gene may also easilv ho . he 

easily be identified bv n * 
genomic DNA 1 i hr=, r-,, ^ y use of a 

i^iNft norary from an individn = i u 

Presence of said mutant aUel t L ?" ^ 

detected by hybridisation with . „£,.• " * *"* 
the invention. nuclerc acid probe of 

Polymorphic markers include f„ r ■ 
single nucleotirt» „„, Me for instance, 

y nucleotide polymorphisms (SNP) , microaai-.i i • - 
msertron/deletion polymorphism and restriction f 

™ gent ^ST"^ "e^raT 

nucleic acid pro be specific o-f 
microsatellite motifs. • c of known 
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Once a polymorphic marker has been identified, 
a DNA segment spanning the polymorphic locus may be 
sequenced and a set of primers allowing amplification of 
said DNA segment may be designed. 

5 The invention also encompasses said DNA 

primers . 

Detection of a mutation in the PRKAG3 gene may 
be performed by obtaining a sample of genomic DNA from a 
vertebrate, amplifying a segment of said DNA spanning a 
10 polymorphic marker by polymerase chain reaction using a 
set of primers of the invention, and detecting in said 
amplified DNA the presence of an allele of said 
polymorphic marker associated with said mutation. 

By way of example, polymorphic markers which 
15 may be obtained according to the invention, and DNA 
primers allowing the detection of polymorphic markers 
closely linked to the RJT allele of porcine PRKAG3 gene 
are listed in Table 1 hereinafter. 

According to a preferred embodiment of the 
20 invention, the vertebrate is a mammal, preferably a farm 
animal and more preferably a porcine, and the mutation to 
be detected produces a functionally altered Prkag3. The 
detection of said mutation allows to predict whether said 
mammal or the progeny thereof is likely to have a high 
25 intramuscular glycogen concentration. An example of such 
a mutation produces a functionally altered Prkag3 having 
a R41Q substitution. 

The present invention also includes kits for 
the practice of the methods of the invention. The kits 
30 comprise any container which contains at least one 
specific fragment of a nucleic acid sequence of the 
invention, or at least one nucleic acid fragment able to 
specifically hybridise with a nucleic acid sequence of 
the invention. Said nucleic acid fragment may be 
35 labelled. The kits may also comprise a set of primers of 
the invention. They may be used in conjunction with 
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25 



30 



incTT y aVallaWe «"Pl"i«tion kits. They may also 
include positive or negative control reactions or 
markers, molecular weight size markers fQr ~ 
electrophoresis, and the like. 

5 *- * k 0ther kits ° f the invention may include 

antrbod.es or the invention, optionally l abell J, as ^ 

antibod aPPr ° Priate rea « ents f « detecting an antigen- 
antrbody reactron. They may also lnclude posicive 9 or 

negative control reactions or markers. 

The invention further provides means tr,^ 
modulating the expression or vertebrate genes encoding ay 
subunrt of AMPK. and more specifically of the «b« g ei J 

and/or the synthesis or activity of the products of said 
genes. 

A purified AMPK heterotrimer comprising wild- 
type or mutant Prkag3 subunit, or a functionally altered 
mutant y subunit having . mutation in the first CBS 
domain may be used for screening in vitro compounds able 
to modulate AMPK activity, or to restore altered AMPK 
activity. This may be done, for instance, by: 

. , " measurin 3 the binding of the compound to 

sard heterotrimer, using for example high-throughput 
screening methods; or, 

- measuring changes in AMPK kinase activity 
using for example high-throughput screening methods. 

High throughput screening methods are 

The Di ±nStanCe ' ^ " Hlgh th ^put screening: 

The Dxscovery of Bioactive Substances" , J. P. DEVLIN (Ed) 
MARCEL DEKKER Inc., New York (1997). 

theran , . NUCleiC aCids of the invention may be used for 
therapeutxc purposes. For instance, complementary 

TllZlll fragmentS there ° f ^ntisens 

oligonucleotides) may be used to modulate AMPK activity 
more specifically in muscular tissue. 
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Also, a nucleic acid sequence encoding a 
functional Prkag3 may be used for restoring a normal AMPK 
function . 

Transformed cells or animal tissues expressing 
5 a wild-type or mutant Prkag3, or a functionally altered 
mutant of a y subunit of AMPK as defined above, or 
expressing an AMPK comprising said mutant Prkag3, or said 
functionally altered mutant of a y subunit of AMPK, may be 
used as in vitro model for elucidating the mechanism of 
10 AMPK activity or for screening compounds able to modulate 
the expression of AMPK. 

The screening may be performed by adding the 
compound to be tested to the culture medium of said cells 
or said tissues, and measuring alterations in energy 
15 metabolism in said cells or said tissues using methods 
such as measurements of glucose concentrations (levels), 
glucose uptake, or changes of the ATP/AMP ratio, glycogen 
or lipid/protein content. 

The invention provides animals transformed 
20 with a nucleic acid sequence of the invention. 

In one embodiment, said animals are transgenic 
animals having at least a transgene comprising a nucleic 
acid of the invention. 

In another embodiment, said animals are 
25 knockout animals. " Knockout animals" refers to animals 
whose native or endogenous PRKAG3 alleles have been 
inactivated and which produce no functional Prkag3 of 
their own. 

In light of the disclosure of the invention of 
30 DNA sequences encoding a wild-type or mutant Prkag3, or a 
functionally altered mutant of a y subunit of AMPK, 
transgenic animals as well as knockout animals may be 
produced in accordance with techniques known in the art, 
for instance by means of in vivo homologous 
35 recombination* 



Suitable methods for the preparation of 
transgenic or knock-out animals are for instance 

HOGAN « al., cold Spring Harbor Laboratory Press, 1994 
Transgenic ^ni^al Technology, edited by c. PINkert' 
Academic Press inc., 19M , Gene Targeting: A JrZZZ'l 

: dited ^ J0YNER ' ° X( ° rd ""^sity Press, 

1995, Strateg.es m Transgenic Animal Science, edited y 
G^ M MONASTERSKV and ,.„. ROBL, ASM Press, 1995; «ole 

o T T ! C ° nCePt * by Lee M. SILVER, 

oxford University Press, 1995. 

These animals may be used as models for 
metabolic diseases and disorders, more specifically for 
diseases and disorders of glycogen metabolism in muscle. 
For instance they may be used for screening test 
molecules. Transgenic animals may thus be used for 
screening compounds able to modulate AMPK activity 
Knockout animals of the invention may be used, in 
particular, for screening compounds able to modulate 
energy metabolism, more specifically carbohydrate 
metabolism, in the absence of functional PrkagS. 

, . . The ^"ening may be performed by 

administering the compound to be tested to the animal 
and measuring alterations in energy metabolism in said 
animal using methods such as glucose tolerance tests 

"ZVZr^l 01 lnSUlin 1SVelS ^ bl ° 0d ' of the 

ATP/AMP ratio, glycogen or lipid/protein content in 
tissues and cells. 

„,.,. „ Trans 9 e "ic °r knock-out farm animals with 
modified meat characteristics or modified energy 
metabolism may also be obtained. 

The Present invention will be further 
which'", 8 * ^ additional ascription which follows, 

acids of th S tC eXamPlSS ° f ° btenti0n and USe <* -l^c 
that t, lnventton - " should be understood however 

that these examples are given only by way of illustration 
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of the invention and do not constitute in any way a 
limitation thereof. 

EXAMPLE 1: ISOLATING THE PEKAG3 GENE 

We have screened a porcine Bacterial 
5 Artificial Chromosome (BAC) library ( ROGEL-GAILLARD et 
al., Cytogenet and Cell Genet, 851, 273-278, 1999) and 
constructed a contig of overlapping BAC clones across the 
region of pig chromosome 15 harbouring the RN gene- These 
BAC clones were in turn used to develop new genetic 
10 markers in the form of single nucleotide polymorphisms 
(SNPs) or microsatellites (MS) as described in Table 1 
below. 
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The new markers were used together with some 
previously described markers to construct a high- 
resolution linkage map. Standard linkage analysis using 
pedigree data comprising about 1,000 informative meioses 
5 for segregation at the RN locus made it possible to 
exclude RN from the region proximal to MS479L3 and distal 
to microsatellite Sw936. Linkage Disequilibrium (LD) 
analysis was done with the same markers and a random 
sample of 68 breeding boars from the Swedish Hampshire 

10 population, scored for the RN phenotype by measuring 
glycogen content in muscle. The results of LD analysis 
using the DISMULT program (TERWILLIGER, Am. J. Hum- 
Genet., 56, 777-787, 1995) are shown in Figure 1. They 
reveal a sharp LD peak around the markers MS127B1 and 

15 SNP127G63. These markers appeared to show complete 
linkage disequilibrium with the RN~ allele, i.e. RIsT was 
associated with a single allele at these two loci. The 
most simple interpretation of this finding is that the RN~ 
mutation arose on a chromosome carrying these alleles and 

20 that the two markers are so closely linked to the RN 
locus that the recombination frequency is close to 0%. 
The two markers are both present on the overlapping BAC 
clones 127G6 and 134C9 suggesting that the RN gene may 
reside on the same clone or one of the neighbouring 

25 clones. 

A shot-gun library of the BAC clone 127G6 was 
constructed and more than 1,000 sequence reads were 
collected giving about 500,000 base pair random DNA 
sequence from the clone. The data were analysed and 

30 sequence contigs constructed with the PHRED, PHRAP and 
CONSED software package (University of Washington Genome 
Center, http://bozeman.mbt.washington.edu) . The sequence 
data were masked for repeats using the REPEATMASKER 
software (http: //ftp. genome . Washington. edu/cgi- 

35 bin/RepeatMasker) and BLAST searches -were carried out 
using the NCBI web site (http://www.ncbi.nlm.nih.gov). 
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Three convincing matches to codin„ 

obtained. Two of these were " ! eqUe " Ces »«• 
sequences/genes, KIAA0173 described Is "be CDN * 
Pig tubuiin-tyrosine /, " 9 sirai l« to 

^ cluster Hs.169910 htt^// loca ted on HSA2q (UniGene 

82568,. The results st "! f ' Clust « "s. 

« is weil estabiished that the Z ~ " 
10 to HSA2q33-36 (R0 BIC et .7 M " h ™°l°9°"S 

»M). However, none of th GenOI " e ' 565 " 563 - 
Plausible candidate genes for ^ ThT " 
sequence identified in B AC l 2 7r- C v C ° din9 
significant sequence similaritv t„ " hi9hly 

« P-tein Kinase y S^IXI^TZ 

sequence. The c DN A sequence of th is ' ^ ** 

by RT-PCR and race • 9 " as dete rmined 

-V„. homo^gotrVirr^enc^t sr Cle *~ » 

^ in -e enclosed sequence liVng Z^Z 2 SfT 2 

Legend of Figure 2: 
5' UTR: 5' untranslated region 
3' UTR: 3' untranslated region 
CDS: coding sequence 
25 ***•" stop codon 

identit y to master sequence 
• alignment gap 

The frame of trancjiaf-^ 

basis of homology to othe ""^ °" * 

and assuming that the first Trl famL1 * 
3° the start codon Th. '" ethl0 " lne «<>*»» in frame is 

Shown in "the" encl POl ^« d - sequence is 

SEQ 10 N 0: 2. rlgure 3 X ""^ 
constructed with the CbUSTM „ ™ ami " 0 all ^« 
Nucleic Acids Research „ Pr ° 9ram <*"<»** « .2.. 
35 representative WIPK y "73-4680. 19M) wlt „ 

databases. " SeqUences *» the nucieotide 
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Legend of Figure 3: 
Sequences used: 
HumGl: Genbank U42412 
RatGl: Genbank X95578 
5 MusGl: Genbank AF036535 

HumG2 : coding sequences extracted from genomic sequence 
Genbank AC006966 
PigG3 : this study 
HumG3: this study 
10 Dros: Genbank AF094764 (only the region showing homology 
to AMPKG/SNF4 is included) 
SNF4 (yeast) : Genbank M30470 

Abbreviations : 
* : stop codon 
15 identity to master sequence 

* - * : alignment gap 
blank: no information 
? : poor sequence data 

Table 2 below shows the amino acid (above 
20 diagonal) and nucleotide sequence (below diagonal) 
identities (in %) among mammalian, Drosophila and yeast 
AMPKG/SNF4 sequences . 



TABLE 2 





PigG3 


HumG3 


HumGl 


RatGl 


MusGl 


HumG2 


Dros 


SNF4 


PigG3 




97.0 


64.2 


64.2 


63.9 


62.6 


53.2 


34.0 


HumG3 


90.7 




63.6 


63.6 


63.6 


62.6 


53.5 


34.4 


HumGl 


64.2 


64.5 




96.7 


96.3 


75.6 


60.9 


33.5 


RatGl 


65.8 


65.8 


88.0 




97.4 


75.3 


61.1 


33.5 


MusGl 


65.3 


64.8 


87.2 


92.8 ! 




74.6 


61.7 


33.5 


HumG2 


61.6 


61.6 


68.1 


67.8 


65.9 




63.1 


34.5 


Dros 


58.4 


58.4 


59.0 


r 59.3 


59.0 


60.0 




36.2 


SNF4 


44.0 


44.2 


45.4 


44.6 


45.3 


45.7 


44.8 





Figure 4 shows a Neighbor- Joining phylogenetic 
25 tree constructed with the PAUP software (SWOFFORD, 
Phylogenetic analysis using parsimony (and other 
methods), Sinauer Associates, Inc. Publishers, 
Sunderland, Massachusetts, 1998) using yeast SNF4 as 
outgroup; support for branch orders obtained in bootstrap 



analysxs wxth 1,000 replicates are indicated, scales of 
tree 1S indicated at the bottom The result showed that 
the P1 g gene located in the R N regi on is distinct T 
^mmalian PRKAG1 and m iso J rms 
5 orthologous to a human gene represented by the human EST 
sequence AA178898 (GenBank) derived from \ 
librarv Thi* ■ derived from a muscle cDNA 

library. Th 1S gene is herein denoted PRKAG3 sin , Q . 
the third isoform of a manunalian AMpTtfva ed " 
kinase y characterised so far. activated protein 

by RT-PCR an T d h Vr P SeqUSnCe ° f th±S WaS ^ermined 

oy RT PGR and 5' RACE analysis using human skeletal m „ ■> 
cDNA (Clontech, Palo Alto ca> . h «T s * elet al muscle 

' CA) and the deduced protein 
sequence showed 97% identity to the oorcin. Pr ° tSln 
(Fiqure 2- T.hu o* ^ Porcxne sequence 

.1.1 Low CDNA SeqUenCS ° f hUman is 

SEQ ID NO , " SnClOSed SeqUSnce "-ting under 

K ID N ° : 3; the ded ^ed polypeptidic sequence L shown 
m the enclosed sequence listing under SEQ ID NO 4 

hybrid USln9 h±gh reS ° lution h — TNG radiation 

panel , h .._ 

ta-oic. of OT2 ™ a „ d ^oi„, p !u Pre ; en h r ln 

the porcine BAC127G6. The three genes irt 

closely l inked in the human genome. 9 :^:: s l;;j^ 

r«?7Ai Wlth lod score support 
respectively. 4 ' 5 ' 

The established role of AMPK in reaulatina 

ziiirT^ inciuding giycogen - 

locatxon m the region showing maximum linkage 

T r ™ 3 ™* — te gen 

anal y T is of ^"^-^ by hybridisation 

(CLONTECH, Palo AltT Vu^^ ^ 
0,™-. t0/ CA) USln 9 huma * (IMAGE clone 

0362755 corresponding to GenBank entry AA0186751 h 
PRKAG2 (IMAGE clone 03??7^ AA018675) , human 

clone 0322735 corresponding to GenBank 



entry W15439) and a porcine PRKAG3 probe- The results are 
shown in Figure 5. 

Legend of Figure 5: 

H: Heart, B: Brain, PI: Placenta, L: Lung, 
Li: Liver, M: Skeletal muscle, K: Kidney, Pa: Pancreas, 
S: Spleen, Th: Thymus, P: Prostate, T: Testis, 0: Ovary, 
I: Small intestine, C: Colon (mucosal lining), 
PBL: Peripheral Blood Leukocyte. 

While the PRKAG1 and PRKAG2 probes showed a 
broad tissue distribution of expression, PRKAG3 showed a 
distinct muscle-specific expression. This result is also 
supported by the human EST database where multiple ESTs 
representing PRKAG1 and PRKAG2 have been identified in 
various cDNA libraries whereas a single EST (GenBank 
entry AA178898) representing PRKAG3 has been obtained 
from a muscle cDNA library. The muscle-specific 
expression of PRKAG3 and the lack of expression in liver 
are entirely consistent with the phenotypic effect of RfsT, 
namely that glycogen content is altered in muscle but 
normal in liver (ESTRADE et al., Comp. Biochem. Physiol. 
104B, 321-326, 1993) . 

The entire coding sequence and parts of the 
5'UTR and 3'UTR were determined from rn + /rn + and RN~/RN~ 
homozygotes by RT-PCR analysis. A comparison revealed a 
total of seven nucleotide differences between the 
sequence from rn + and RN" animals, as shown in Table 3 
below. Two of these were missense mutations, three were 
silent substitutions and two were single nucleotide 
substitutions in the presumed 5'UTR region. The single 
exon carrying the two missense mutations and two silent 
substitutions was also PCR amplified using genomic DNA 
from additional rn+ and RN- pigs from different breeds. 
This revealed four different PRKAG3 haplotypes for codons 
34-41 and only the R41Q missense substitution was 
exclusively associated with RlsT . The nonconservative 
substitution R41Q occurs in the most conserved region 
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among isotypic forms of the AMPK v h ■ 

residue (number 70 ' ™ P k K J 1) Chain "^nine at 
Afferent isoforms of mammalian^ " """^ 
as in the corresponding f-rosoohij fences as well 

1 --Pie diagnostic * t^t ^ '"'^ 3 > " A 
designed based on the „, M1Q Nation „ as 

(0^; LANDEGREN et el 8 < * 1 « onucl «*"- "nation assay 
Screening a large £ "^'J"' . ""-»•<>. isee," 
Hampshire breed as well as , ani ™al= from the 

rro m other breeds showed that Z .TV °* ^ ' nl ~ 1 « 
- all RN* animals that the «° allele was present 

3ho„„ in Table 4 ^l™* 0 ™ » -V »♦ annals, as 

the *• ellele origi„ ated in t £ * assumption that 
allele has not yet been fr. „ Ham Pahire breed; the 

-her breeds. ^ tncluTn " t^e"^ £ ™ 

^convincing evidence that RRsac, ■ provlde 
9 ene and that the R41Q ldenttcal to the „ 

causative mutation ^"rtutron m ost l ikely is 
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Duroc. n=160; Getfngtr ^ 1 n ^T2i& -,, ^ n r 2: Bunte Benth ^er n=1 6 - 

2? P f ra L n ' n=75: Red Mangaitea 'n^ ?SSi!H? ^ White ' n=72 ' Mishap 
Schwalbenbauch Manaaiit^a „.7 e u »' /? otbunte Husumer, n=15- ' 

n=5; Japanese VwKESa " ' SChWal " SCh Ha " ischs ' »* E^pean VMM Boa, 

■.ecnanisa,. T^y ^ hJoT • *° "* Pa "^ 1 " 
heterotrimer inclu y ding be P X 1SSd . 

of glucose : ra ™ tn s=d in the 

has recenuy been reported that AMPK ■ ^ " 

by the AMP analogue AICAR or by ZL cent T 
to an increased glU cosa uptake in """"^ 
(BERGERON et al , " " skeletal muscle 

HAYASHI et al./' Di ^ te J ;, TT 3 e 9 1 2 3 7 7 6 3 T^"' 

is the functio „ of ^ ^ pK 136 h 9 ; 1373 ' » 38 ' • M this 

PRKAG3, R41Q may be a oa V 8 ff ""erotriaer including 

constitutive!, ^« ^^raT" 1 - 3 
lo« of an inactivating alCt'eric sit " *" t0 th * 
uptake o, glucose to skaletalTuscle is ^ '"""^ 

to an increase in musole g i ™ c Lt T^"^ C ° lMd 

""" ■• « has been s3 that ! " *" 

jocose transporter 4 {GLUT 4 ) Tn tran ° VereXpreSSl °» »' 
increased uptake of gl ucose 'T^" 1 ' ^ to 

storage (TREADWAY et al , p , ""eased glycogen 
29961, 1994, . This * . ^ BlCl - Chera -' 269, 29956- 
consistent with the h 9«n-of-f unction mo del is 

with the dominance of rjt a, )->,= 
single unreguiated copy would have^ iJJl JfT*™ °' * 
enzyme activity. 98 effe ct on AMPK 
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An alternative hypothesis on the functional 
significance of the R41Q substitution associated with the 
RIT allele may also be proposed. Based on the established 
roles of the yeast SNF1 enzyme in utilisation of glycogen 

5 and of mammalian AMPK for inhibiting energy-consuming 
pathways and stimulating energy-producing pathways, 
activated AMPK is expected to inhibit glycogen synthesis 
and stimulate glycogen degradation. If this is the 
functional role of the isoform(s) containing the PRKAG3 

0 product, the R41Q substitution would be a loss-of- 
function mutation or a dominant-negative mutation locking 
the AMPK heterotrimer in an inactive state. In these 
cases the phenotypic effect should be explained by haplo- 
insufficiency, since KAT appears fully dominant. 

EXAMPLE 2: DETECTION OF THE R41Q SUBSTITUTION IN PIG 
PRKAG3 

A part of PRKAG3 including codon 41 was 
amplified in 10 ul reactions containing 100 ng genomic 
DNA, 0.2 mM dNTPs , 1.5 mM MgCl 2 , 4.0 pmol of both forward 
(AMPKG3F3: 5' -GGAGCAAATGTGCAGACAAG-3' ) and reverse 

(AMPKG3R2:5'-CCCACGAAGCTCTGCTTCTT-3') primer, 10% DMSO, 
1 U of Taq DNA polymerase and reaction buffer (ADVANCED 
BIOTECH, London, UK) . The cycling conditions included an 
initial incubation at 94°C for 5 min followed by 3 cycles 
at 94°C (lmin), 57°C (lmin) and 72°C (lmin), and 35 
cycles of 94°C (20 sec), 55°C (30 sec) and 72°C (30 sec). 
Allele discrimination at nucleotide position 122 was done 
using the oligonucleotide ligation assay (OLA, LANDEGREN 
et al., Science, 241, 1077-1080, 1988). The OLA method 
was carried out as a gel-based assay. Each 10 ul OLA 
reaction contained 0.5 pmol of each probe SNPRN-A (5'Hex- 
TGGCCAACGGCGTCCA-3 ' ) , SNPRN-G ( 5 ' ROX-GGCCAACGGCGTCCG-3 ' ) 
and SNPRN-Common (5' phosphate -AGCGGCACCTTTGTGAAAAAAAAAA- 
3'), 1.5 U of thermostable AMPLIGASE and reaction buffer 
(EPICENTRE TECHNOLOGIES, Madison, WI) and 0.5 jll • of the 
AMPKG3 F3 /AMPKG3R2 PCR product. After an initial 




After OLA cyclina 1 ul ^ , (9 ° Sec) • 

» .« o -n^u:r:/rr::; h r d r aturedat 

Polyacryla mi de denaturi„ g gel fo ' r ^ ° nt ° « 

ABX377 DNA se qu encer ^ ^ ^ " 

The result ing fragment lengths DSA > • 

i. «:ri, usin9 G ™ — -- r M ;r:j:i: 

-e d to d ^:°?T° d method for the r4iq mutati - — 

fro ra 68 Swedish H ' • ' ^ °* * """^ 

or rn* basec on H "*' hlr ' i « u -» 1 » P—typed as either „„- 

possible genotypes All p M - • 7 S three 

y types. All RN animals were scored at! 
homozygous A/A fn-?o\ ^ scored as 

h o m o 2 y 9 o US g/g <„_, « thi r;:;r tlo r rn animais were 

20 EXAMPLE 3: PREDICTING THE PRESENCE OF THE Rff 

A CLOSELY LINKED MICROSATELLITE , MSlTvBl ^ 

127G7 A o mi r OSatellite 12781 WS127SJ) — ^o m BAC 

127G7 containing pig prkm33. The Bar . „.„ ™ BflC 

with Sa u 3AI and the restriction / dl » ested 
25 the Bami site of p 0C l 8 tk *»9~>t. subclcned into 

with a ,ca, , resulting library was probed 

J*h ,«,„ oligonucleotide probe iabelled with (T ! 32 £ 

p" Ls n C R ru f disi t n9 ciones ~« -d 

^ xor pcr amplification of microsatellitP l^-i 

o £ n9 ';:r c DN v 2 r dNTPs - 15 - msci - 

CAAACTCTTCTAGGCGTGT-aT 1 an d <MS12?B1F: 5 ' ei„- 
™ rCTTCCATATGCCAIGG - pr - r ."S127B.:, 

incubaiion 'at tr sVnTi^" 3 " ^ 

c for 5 mm followed by 3 cycles at 94°c 
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(1 min) , 57°C (1 min) and 72°C (1 min) , and 35 cycles of 
94°C (20 sec), 55°C {30 sec) and 72°C (30 sec). The PCR 
products (0.3 u.1) were separated using 4% polyacrylamide 
denaturing gel electrophoresis on an ABI377 DNA sequencer 
5 (PERKIN ELMER, Foster City, USA) . The resulting fragment 
lengths were analysed using the GENE SCAN and GENOTYPER 
software (PERKIN ELMER, Foster City, USA). 

The method was used to determine the genotype 
of DNA samples collected from 87 Swedish Hampshire 

10 animals phenotyped as either RN" or rn + based on their 
glycolytic potential (GP) value. Allele 108 (bp) showed a 
complete association to the RN~ allele in this material as 
all RN" (RN~/ RN~ or RN~/rn*) animals were homozygous or 
heterozygous for this allele while no rn + (rn+/rn + ) 

15 animals carried this allele, as shown in Table 5 below. 



Table 5 



Animals 


n 


Genotype 


94/94 


94/108 


94/114 


100/108 


108/108 




80 


0 


37 


0 


2 


41 


+ 

rn 


7 


3 


0 


4 


0 


0 



THB PAGE OAKKWR9 
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CLAIMS 

1) A gamma subunit of a vertebrate AMP- 
activated kinase (AMPK) , wherein said gamma subunit is a 
polypeptide having at least 70% identity with the 
polypeptide SEQ ID NO: 2. 

2) A polypeptide of claim 1, wherein said 
polypeptide has at least 95% identity with the 
polypeptide SEQ ID NO: 2. 

3) A polypeptide of any of claims 1 or 2, 
wherein said polypeptide has the sequence SEQ ID NO: 2 or 
SEQ ID NO: 4 or a sequence resulting from a V40I 
substitution in SEQ ID NO: 2. 

4) A polypeptide which is a functionally 
altered mutant of a gamma subunit of a vertebrate AMP- 

15 activated kinase, wherein said polypeptide has at least a 
mutation located within the first CBS domain of said 
gamma subunit. 

5) A polypeptide of claim 4, wherein the 
mutation is located within the region of the first CBS 

20 domain aligned with the region of a polypeptide of 
SEQ ID-NO: - 2 spanning from' residue - 30 to" relidue "50V 

6) A polypeptide of claim 5, wherein the 
mutation is a R-K2 substitution. 

7) A polypeptide of claim 6, having a sequence 
25 resulting from a R41Q substitution in SEQ ID NO: 2. 

8) A polypeptide which is a mutant of a gamma 
subunit of a vertebrate AMP-activated kinase, wherein 
said polypeptide results from a deletion of a part of a 
polypeptide of claim 1. 

30 9) A nucleic acid sequence encoding a 

polypeptide of any of claims 1 to 8, or the complement 
thereof, provided that said nucleic acid sequence does 
not consist of the EST GENBANK AA178898. 

10) A nucleic acid sequence of claim 9, having 

35 the sequence SEQ ID NO: 1 or SEQ ID NO: 3, or the 
complement thereof. 
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11) A nucleic: acid sequence comprising at 
least a portion of a nucleic acid sequence encoding a 
PC ypept de of an y of claims 1 to 8, and up to 300 2 of 
a 3 and/or of a S- adjacent genomic DNA sequence, or the 

5 complement thereof. 

12) A nucleic acid fragment selected among- 

- a specific fragment of a nucleic acid sequence encoding 
a Polypeptide of any of claims 1 to 8, or of a nucleic 
acid sequence of claim 11; 

10 " und e U r le , iC ^ cif1 ^ hybridises 

under stringent conditions with a nucleic acid sequence 
encoding a polypeptide of any of claims 1 to 8, or of a 
nucleic acid sequence of claim 11; 

provided that said nuclei r ar-iA * 
tc nucieic acid fragment does not 

lo consist: of the EST GENBANK AA178898. 

13) A SSt ° f primers for amplifying a nucleic 
acid sequence of any of claims 9 to 11 or a portion 
thereof, comprising at least a primer consists Z 



20 



25 



30 



35 



consist of the EST GENBANK AA178898. 

13) A set of primers 
sequence of any of claims 

-----of, comprising at least a primer consisting of 
nucleic acid fragment of claim 12. 

14) A recombinant vector comprising a nucleic 
•cxd sequence encoding a polypeptide of any of claims 1 

15) An host cell transformed by a nucleic acid 
sequence encoding a polypeptide of any of claims 1 to 8 . 

16) A trans <?enic animal transformed by a 
nucleic acid sequence encoding a polypeptide of any of 
claims 1 to 8. y 

17) A knockout animal, wherein the gene 
encoding a polypeptide of claim 1 is inactive. 

18) A heterotrimeric AMPK wherein the v 
subunit consists of a polypeptide of any of claims 1 to 

result!™ , A ° f deteCtin 9 a metabolic disorder 

o m K whe r ° m 3 mUtati ° n ^ 3 SnCOding * * ™* 

of AMPK, wherein said process comprises: 



34 



- obtaining a nucleic acid sample from a 

vertebrate; 

- checking the presence in said nucleic acid 
of a nucleic acid sequence encoding a polypeptide of any 

5 of claims 1 to 8, wherein said polypeptide is 
functionally altered. 

20) A method of claim 19 wherein the disorder 
is correlated with an altered glycogen accumulation in 
the muscular cells and results from the expression of a 

10 functionally altered allele of a polypeptide of claim 1. 

21) A method of any of claims 19 or 20 wherein 
the presence of the nucleic acid sequence encoding said 
mutant polypeptide is checked by contacting said nucleic 
acid sample with a nucleic acid probe obtained from a 

15 nucleic acid of claim 12 and spanning said mutation, 
under conditions of specific hybridisation between said 
probe and the mutant sequence to be detected, and 
detecting the hybridisation complex. 

22) A method for obtaining a pair of primers 
20 allowing to detect a genetic polymorphic marker linked to 

a nucleic acid sequence encoding a polypeptide of claim 
1, wherein said process comprises: 

- screening a genomic DNA library from a 
vertebrate with a probe specific for a nucleic acid 

25 sequence encoding a polypeptide of claim 1, in order to 
select clones comprising said nucleic acid sequence and 
flanking chromosomal sequences; 

identifying a polymorphic locus in said 
flanking chromosomal sequences, and sequencing a DNA 
30 segment comprising said polymorphic locus ; 

designing primer pairs flanking said 
polymorphic locus. 

23) A method of claim 22 wherein the selected 
clones comprise at least a portion of a nucleic acid 

35 sequence encoding a polypeptide of claim 1, and up to 
500 kb of a 3' and/or of a 5' adjacent sequence. 




24) A method of any of claims 19 to ^ k 

the vertebrate is a mammal. 23 Wherein 

25) a method of claim 24 wherein «<h 

is a pig. wnerem said mammal 

5 P -e SSOfa :: i of A cl r 1 :: 2 r t o p r rs obtainawe «- 

car^ohydrate'Labo^rsT '°T . d " t " !tla " 8 of 

» in . . rtebrate , Kh jj^;ur~:. of ciai * 1 

vertebrate " ° ttalning 3 S ^ <* gnomic DNA from said 

contacting said DNA with a oair „f _ • 

cf claim 26 under conditions allowing PCR amo, f P " 
15 a „ , ctxxowing pcr amplif xcation; 

- analysing the PCR product to detect if 
allele of a polymorphic marker linked to a nucleic ac^ 
sequence encodinq a f U „- H/ , nucleic acid 

polypeptide of dL a i r P r s rt iy aitered aiieie ° f * 

28) A process of claim on w 

-reinsai/lt^rralr," ^ " " «' 

25 is a pig. A Pr ° CeSS ° f Cl " m 29 " h « si " -id mammal 

31) A process of claim 30 wherein t-h. 
primers is selected among: 6 Pair of 

and SEQ ID ^^r^ °* PrlmerS C ° nSlsti "« of SEQ io N0: s 
and SEQ id TO: a 8 Palr °* Pri "" erS — isti ^ of SEQ ID N0: 7 
and SEQ ID ^O^IO;" ° f » »°: 9 

3S SEQ ID N0: xl a„: SE^D ao^, Prlm6rS ""^^ " 



10 SEQ ID NO: 



15 



20 



consisting 
consisting 
consisting 
consisting 
consisting 



a pair of primers 
SEQ ID NO: 13 and SEQ ID NO: 14; 

a pair of primers 
SEQ ID NO: 15 and SEQ ID NO: 16; 

a pair of primers 
SEQ ID NO: 17 and SEQ ID NO: 18; 

a pair of primers 
SEQ ID NO: 19 and SEQ ID NO: 20; 

a pair of primers 
21 and SEQ ID NO: 22; 

a pair of primers consisting 
SEQ ID NO: 23 and SEQ ID NO: 24; 

a pair of primers consisting 
SEQ ID NO: 25 and SEQ ID NO: 26. 

32) Use of a transformed cell of claim 15 
screen compounds able to modulate AMPK activity. 

33) Use of a transgenic animal of claim 16 
screen compounds able to modulate AMPK activity. 

34) Use of a knockout animal of claim 17 
screen compounds able to modulate energy metabolism 
the "absence of a functional polypeptide of claim 1. 

35) Use of an heterotrimeric AMPK of claim 
to screen compounds able to modulate AMPK activity. 
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ABSTRACT 

The invention concerns variants of the gamma 
chain of vertebrate AMP-activated kinase (AMPK) , as well 
as nucleic acid sequences encoding said variants and use 
thereof for the diagnosis or treatment of dysfunction of 
energy metabolisms • 



■ 



THIS PAGE BLAKK tus?ro> 



SEQUENCE LISTING 

<110> INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE 
ANDERSSON, LEIF 
LOO FT, CHRISTIAN 
KALM, ERNST 

<120> VARIANTS OF THE GAMMA CHAIN OF AMPK, DNA SEQUENCES ENCODING 
THE SAME, AND USES THEREOF 

<130> MJPcb539/99EP 

<140> 
<141> 

<160> 26 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 1867 
<212> DNA 
<213> Sus scrofa 

<220> 
<221> CDS 

<222> (472) • . (1389) 
<400> 1 

ttcctagagc aaggagagag ccgttcatgg ccatcccgag ctgtaaccac cagctcagaa 60 

agaagccatg gggaccaggg gaacaaggcc tctagatgga caaggcagga ggatgtagag 120 

gaaggggggc ctccgggccc gagggaaggt ccccagtcca ggccagttgc tgagtccacc 180 

gggcaggagg ccacattccc caaggccaca cccttggccc aagccgctcc cttggccgag 240 

gtggacaacc ccccaacaga gcgggacatc ctcccctctg actgtgcagc ctcagcctcc 300 

gactccaaca cagaccatct ggatctgggc atagagttct cagcctcggc ggcgtcgggg 360 

gatgagcttg ggctggtgga agagaagcca gccccgtgcc catccccaga ggtgctgtta 420 

cccaggctgg gctgggatga tgagctgcag aagccggggg cccaggtcta c *atg cac 477 

Met His 
1 



ttc atg cag gag cac acc tgc tac gat gcc atg gcg acc age tec aaa 
Phe Met Gin Glu His Thr Cys Tyr Asp Ala Met Ala Thr Ser Ser Lys 
5 10 15 



525 



ctg gtc ate ttc gac acc atg ctg gag ate aag aag gcc ttc ttt gcc 573 
Leu Val He Phe Asp Thr Met Leu Glu He Lys Lys Ala Phe Phe Ala 
20 25 30 

ctg gtg gcc aac ggc gtc cga gcg gca cct ttg tgg gac age aag aag 621 
Leu Val Ala Asn Gly Val Arg Ala Ala Pro Leu Trp Asp Ser Lys Lys 
35 40 45 50 



2 2 2 S3 s? 2 a 2 s 2 2 2 2 a 2 a 669 

55 60 « 



2 2 2 2 2 2 2 2 2 2 2 2 IS 12 2 2 

75 80 

2 2 2 2 2 s 2 2 2 2 2 i" i?= 2 s a 765 



813 



85 90 „ 

cct ctg gtc tec ate tct ccc aat gac age ctg ttc aaa act am 
Pro Leu Val Ser He Ser Pro Asn Asp sir Le^ Pne £ u £ £j j£ 

105 110 

2 a 2 2 2 J" 2 2 2 2 2 2 2 2 2 ST 961 

125 130 

£ 2 S 2 £ 2 2 £ = - - 5 S - - s «. 

135 140 145 

Leu S! Ph« ^ C f tg Ctg CCC Cgg ccc tcc ttc etc tac cge 

Leu His lie Phe Gly Thr Leu Leu Pro Arg Pro Ser Phe Leu Tyr A?g 

155 160 

££ Hi r^n I** !** g f C atC ggC aca ttc coa oac ttg gee gtg gtg 
Thr He Gin Asp Leu Gly lie Gly Thr Phe Arg Asp Leu Ala Va? Va! 

170 175 



957 



1005 



1053 



Itu £1 ?hr I?! o CC r^ C Ctg aCC gCa Ctg gac atc «c °tg gac egg 
Leu Glu Thr Ala Pro lie Leu Thr Ala Leu Asp He Phe Val Asp Ar? 

185 190 

2 2 £ 2 2 2 2 2 2 IS £ 2 ffi SI 2 IS 
2 2 2 2 2 2 22 2 His 2 2 S 2 2 2 2 

215 220 225 

Asn 51! 2? T C » tg gtg gga gaa gcc cto aao «g egg aca ctg 1197 

Asn Mrs Leu Asp Met Asn Val Gly Glu Ala Leu Arg Gil Ar| Thr Leu 

230 235 240 

Si 2 2 !!y 2 2 2 2 2 2 2 2 2 2 2 2 1245 



1101 



1149 



?i? r?* gaC «" att gtC cgg gaa ca 5 cac cgc ctg gtg etc at a 

Val lie Asp Arg He Val Arg Glu Gin Val His Arg Leu Si Leu 52 

Isp flu ?hr Gin p a<= f" f tg ggC 9tg gtg tCC ctc tct gac atc ctt 
Asp Glu Thr Gin His Leu Leu Gly Val Val Ser Leu Ser Lp He Leu 

280 285 " 290 



1293 



1341 



cag get ctg gtg etc age cct get gga att gat gee etc ggg gee tga 1389 
Gin Ala Leu Val Leu Ser Pro Ala Gly He Asp Ala Leu Gly Ala 
295 300 305 

gaaccttgga acctttgctc tcaggccacc tggcacacct ggaagccagt gaagggagee 14 49 

gtggactcag ctctcacttc ccctcagccc cacttgetgg tctggctctt gttcaggtag 1509 

gctccgcccg gggcccctgg cctcagcatc agcccctcag tctccctggg cacccagatc 1569 

tcagactggg gcaccctgaa gatgggagtg gcccagctta tagctgagca gccttgtgaa 1629 

atctaccagc atcaagactc actgtgggac cactgetttg tcccattctc agctgaaatg 1689 

atggagggcc tcataagagg ggtggacagg gcctggagta gaggecagat cagtgacgtg 174 9 

ccttcaggac etceggggag ttagagctgc cctctctcag ttcagttccc ccctgctgag 1809 

aatgtccctg gaaggaagee agttaataaa ccttggttgg atggaatttc cacactcg 1867 

<210> 2 

<211> 305 

<212> PRT 

<213> Sus scrofa 

<400> 2 

Met His Phe Met Gin Glu His Thr Cys Tyr Asp Ala Met Ala Thr Ser 
1 5 10 15 

Ser Lys Leu Val He Phe Asp Thr Met Leu Glu He Lys Lys Ala Phe 
20 25 ' 30 

Phe Ala Leu Val Ala Asn Gly Val Arg Ala Ala Pro Leu Trp Asp Ser 
35 40 45 

Lys Lys Gin Ser Phe Val Gly Met Leu Thr He Thr Asp Phe He Leu 
50 55 60 

Val Leu His Arg Tyr Tyr Arg Ser Pro Leu Val Gin He Tyr Glu He 
65 7 0 75 80 

Glu Glu His Lys He Glu Thr Trp Arg Glu He Tyr Leu Gin Gly Cvs 
85 90 95 Y 

Phe Lys Pro Leu Val Ser He Ser Pro Asn Asp Ser Leu Phe Glu Ala 
100 105 HO 

Val Tyr Ala Leu He Lys Asn Arg He His Arg Leu Pro Val Leu Asp 
H5 120 125 

Pro Val Ser Gly Ala Val Leu His He Leu Thr His Lys Arg Leu Leu 
130 135 140 

Lys Phe Leu His He Phe Gly Thr Leu Leu Pro Arg Pro Ser Phe Leu 
145 15 0 155 160 

Tyr Arg Thr He Gin Asp Leu Gly He Gly Thr Phe Arg Asp Leu Ala 
165 170 175 



Val Val Leu Glu Thr Ala Pro He Leu Thr Ala Leu Asp He Phe Val 
180 i 8 5 19Q 

Asp Arg Arg Val Ser Ala Leu Pro Val Val Asn Glu Thr Gly Gin Val 
195 200 205 

Val Gly Leu Tyr Ser Arg Phe Asp Val He His Leu Ala Ala Gin Gin 
210 215 220 

Thr Tyr Asn His Leu Asp Met Asn Val Gly Glu Ala Leu Arg Gin Ara 
225 230 235 240 

Thr Leu Cys Leu Glu Gly Val Leu Ser Cys Gin Pro His Glu Thr Leu 
245 250 255 

Gly Glu Val He Asp Arg He Val Arg Glu Gin Val His Arg Leu Val 
260 265 270 

Leu Val Asp Glu Thr Gin His Leu Leu Gly Val Val Ser Leu Ser Asp 
275 280 285 

116 oo« Gln Ala LeU Val Leu Ser Pro ^ Gi y He Asp Ala Leu Gly 
290 295 300 

Ala 
305 



<210> 3 
<211> 2109 
<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (472) . . (1389) 
<400> 3 

ttcctagagc aagaaaacag cagctcatgg ccatcaccag ctgtgaccag cagctcagaa 60 

agaatccgtg ggaaacggag ggccaaagcc ttgagatgga caaggcagaa gtcggtggag 120 

gaaggggagc caccaggtca gggggaaggt ccccggtcca ggccaactgc tgagtccacc 180 

gggctggagg ccacattccc caagaccaca cccttggctc aagctgatcc tgccggggtg 240 

ggcactccac caacagggtg ggactgcctc ccctctgact gtacagcctc agctgcaggc 300 

tccagcacag atgatgtgga gctggccacg gagttcccag ccacagaggc ctgggagtgt 360 

gagctagaag gcctgctgga agagaggcct gccctgtgcc tgtccccgca ggccccattt 420 

cccaagctgg gctgggatga cgaactgcgg aaacccggcg cccagatcta c atg cgc 477 

Met Arg 
1 

ttt m!? r? 9 2? 9 u a ° »u C t9C t3C gat gcc at * 9 ca ac t age tec aag 525 
Phe Met Gin Glu His Thr Cys Tyr Asp Ala Met Ala Thr Ser Ser Lys 

5 10 15 




eta gtc ate ttc gac ace atg ctg gag ate aag aag gee ttc ttt get 573 
Leu Val He Phe Asp Thr Met Leu Glu He Lys Lys Ala Phe Phe Ala 
20 25 ~ 30 

ctg gtg gee aac ggt gtg egg gca gee cct eta tgg gac age aag aag 621 
Leu Val Ala Asn Gly Val Arg Ala Ala Pro Leu Trp Asp Ser Lys Lys 
35 40 45 " 50 

cag age ttt gtg ggg atg ctg ace ate act gac ttc ate ctg gtg ctg 669 
Gin Ser Phe Val Gly Met Leu Thr He Thr Asp Phe He Leu Val Leu 
55 60 65 

cat cgc tac tac agg tec ccc ctg gtc cag ate tat gag att gaa caa 717 
His Arg Tyr Tyr Arg Ser Pro Leu Val Gin He Tyr Glu He Glu Gin 
70 75 80 

cat aag att gag ace tgg agg gag ate tac ctg caa ggc tgc ttc aag 765 
His Lys He Glu Thr Trp Arg Glu He Tyr Leu Gin Gly Cys Phe Lys 
85 90 95 

cct ctg gtc tec ate tct cct aat gat age ctg ttt gaa get gtc tac 813 
Pro Leu Val Ser He Ser Pro Asn Asp Ser Leu Phe Glu Ala Val Tyr 
100 105 HO 

ace etc ate aag aac egg ate cat cgc ctg cct gtt ctt gac ccg gtg 8 61 
Thr Leu He Lys Asn Arg He His Arg Leu Pro Val Leu Asp Pro Val 
115 120 125 * 130 

tea ggc aac gta etc cac ate etc aca cac aaa cgc ctg etc aag ttc 909 
Ser Gly Asn Val Leu His He Leu Thr His Lys Arg Leu Leu Lys Phe 
135 140 4 ^ 145 

ctg cac ate ttt ggt tec ctg ctg ccc egg ccc tec ttc etc tac cgc 957 
Leu His lie Phe Gly Ser Leu Leu Pro Arg Pro Ser Phe Leu Tyr Arg 
150 155 160 

act ate caa gat ttg ggc ate ggc aca ttc cga gac ttg get gtg gtg 1005 
Thr lie Gin Asp Leu Gly He Gly Thr Phe Arg Asp Leu Ala Val Val 
165 170 175 

ctg gag aca gca ccc ate ctg act gca ctg gac ate ttt gtg gac egg 1053 
Leu Glu Thr Ala Pro lie Leu Thr Ala Leu Asp lie Phe Val Asp Arg 
180 185 190 

cgt gtg tct gca ctg cct gtg gtc aac gaa tgt ggt cag gtc gtg ggc 1101 
Arg Val Ser Ala Leu Pro Val Val Asn Glu Cys Gly Gin Val Val Gly 
I 95 200 205 ' 210 

etc tat tec cgc ttt gat gtg att cac ctg get gee cag caa ace tac 114 9 
Leu Tyr Ser Arg Phe Asp Val lie His Leu Ala Ala Gin Gin Thr Tyr 
215 220 225 

aac cac ctg gac atg agt gtg gga gaa gee ctg agg cag agg aca eta 1197 
Asn His Leu Asp Met Ser Val Gly Glu Ala Leu Arg Gin Arg Thr Leu 
230 235 240 

tgt ctg gag gga gtc ctt tec tgc cag ccc cac gag age ttg ggg gaa 124 5 
Cys Leu Glu Gly Val Leu Ser Cys Gin Pro His Glu Ser Leu Gly Glu 
245 250 255 



a g a a 2 a a a a a a a 2 a - - 

265 270 

a a a a s a a a a a a a a 5 2 2 

285 290 

a s a a a a a a a 2 a a a a a * 

295 300 305 



1293 



1341 



1389 



gaagatctga gtcctcaatc ccaagccaac tgcacactgg aagccaatga aggaattgag 1449 
aacagcttca tttccccaac cccaatttgc tggttcagct atgattcagg cttcttcagc 1509 
cttccaaaat tgcctttgcc ttacttgtgc tcccagaacc cttcgggcat gcccagtgca 1569 
ccatgggatg atgaaattaa ggagaacagc tgagtcaagc ttggaggtcc ctgaaccaga 1629 
ggcactagga ttaccccagg gccatctgtg ctccatgccc gcccatcccc ttgccgcctg 1689 
actgggtcgg atggccccag tgggtttagt cagggcttct ggattcctcg gtttctgggc 1749 
tacctatggc ttcagccttc agctcctggg agtcccagct gttgttccca ' gcaacgtcgc 1809 
cactgccctc ctactctcca ggctttgtca tttcaaggct gctgaaatgc tgcatttcag 1869 
gggccaccat ggagcagccg ttatttatag aactgcctgt tggaggtggg gagtcctccc 1929 
tccattcttg tccagaaaac tccttagctc tcgcagtgag ccatgttctt agtctccagg 1989 
gatggatggc cttgtatatg gacccctgag aatgagcaat tgagaaaaca aaacaaaagg 204 9 
aacaatccat gaacttagat tttattggtt tcactcaaaa tgctgoagtc atttgacctg 2109 

<210> 4 
<211> 305 
<212> PRT 

<213> Homo sapiens 
<400> 4 

Met Arg Phe Met Gin Glu His Thr Cys Tyr Asp Ala Met Ala Thr Ser 

5 10 15 

Ser Lys Leu Val lie Phe Asp Thr Met Leu Glu He Lys Lys Ala Phe 

25 30 
Phe Ala Leu Val Ala Asn Gly Val Arg Ala Ala Pro Leu Trp Asp Ser 

^ 45 

Lys Lys Gin Ser Phe Val Gly Met Leu Thr He Thr Asp Phe He Leu 

55 60 
Val Leu His Arg Tyr Tyr Arg Ser Pro Leu Val Gin He Tyr Glu He 

75 80 
Glu Gin His Lys lie Glu Thr Trp Arg Glu lie Tyr Leu Gin Gly Cys 



r 



Phe Lys Pro Leu Val Ser He Ser Pro Asn Asp Ser Leu Phe Glu Ala 
100 105 HO 

Val Tyr Thr Leu He Lys Asn Arg He His Arg Leu Pro Val Leu Asp 
115 120 125 

Pro Val Ser Gly Asn Val Leu His He Leu Thr His Lys Arg Leu Leu 
130 135 140 r 

Lys Phe Leu His He Phe Gly Ser Leu Leu Pro Arg Pro Ser Phe Leu 
145 150 155 J 160 

Tyr Arg Thr He Gin Asp Leu Gly He Gly Thr Phe Arg Asp Leu Ala 
165 170 175 

Val Val Leu Glu Thr Ala Pro He Leu Thr Ala Leu Asp He Phe Val 
180 185 190 

Asp Arg Arg Val Ser Ala Leu Pro Val Val Asn Glu Cys Gly Gin Val 
195 200 205 

Val Gly Leu Tyr Ser Arg Phe Asp Val He His Leu Ala Ala Gin Gin 
210 215 220 

Thr Tyr Asn His Leu Asp Met Ser Val Gly Glu Ala Leu Arg Gin Arg 
225 230 235 240 

Thr Leu Cys Leu Glu Gly Val Leu Ser Cys Gin Pro His Glu Ser Leu 
245 250 255 

Gly Glu Val He Asp Arg He Ala Arg Glu Gin Val His Arg Leu Val 
260 265 270 

Leu Val Asp Glu Thr Gin His Leu Leu Gly Val Val Ser Leu Ser Asp 
275 280 285 

He Leu Gin Ala Leu Val Leu Ser Pro Ala Gly He Asp Ala Leu Gly 
290 295 300 



Ala 
305 



<210> 5 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 5 

ggaatttcaa gtcagccaac 



<210> 6 

<211> 20 

<212> DNA 

<213> Sus scrofa 



<400> 6 

cttcaaaaga ccgtgctact 



<210> 7 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 7 

ctgggaacct ctatatgctg 

20 

<210> 8 
<211> 20 
<212> DNA 
<213> Sus scrofa 

<400> 8 

tagggaaata caaatcacag 

20 

<210> 9 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 9 

ctccagctca caggatgaca 

20 

<210> 10 
<211> 26 
<212> DNA 
<213> Sus scrofa 

<400> 10 

gtttctgcag ctttagcatc tattcc 

26 

<210> 11 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 11 

gaagtatcct gggcttctga 

20 



<210> 12 
<211> 26 
<212> DNA 
<213> Sus scrofa 

<400> 12 

gtttctccag gtttccagac atccac 

<210> 13 
<211> 20 
<212> DNA 
<213> Sus scrofa 

<400> 13 



26 



gcttctgtct gcccctactt 



<210> 14 

<211> 26 

<212> DNA 

<213> Sus scrofa 



<400> 14 

gtttctaagt tctactgtaa gacacc 



<210> 15 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 15 

ccaagctgtg gtggctgaat 



<210> 16 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 16 

cagcacagca gtgccaccta 



<210> 17 

<211> 19 

<212> DNA 

<213> Sus scrofa 



<400> 17 

caaactcttc taggcgtgt 



<210> 18 

<211> 26 

<212> DNA 

<213> Sus scrofa 



<400> 18 

gtttctggaa cttccatatg ccatgg 



<210> 19 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 19 

agggtggatg gtaggcttca 



<210> 20 

<211> 20 

<212> DNA 

<213> Sus scrofa 



<400> 20 

gtctcgctcc tgaaggaagt 

<210> 21 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 21 

agtcacgtgg ccatgctatc 

<210> 22 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 22 

ctcaactgga ttgagtcagt 

<210> 23 

<211> 20 

<212> DNA 

<213> Sus scrofa 

<400> 23 

ttggcgcaac tgttatttct 

<210> 24 

<211> 19 

<212> DNA 

<213> Sus scrofa 

<400> 24 

aggcaaagga agagcacag 

<210> 25 

<211> 18 

<212> DNA 

<213> Sus scrofa 

<400> 25 

agccgtgggc atcgttgg 



<210> 26 

<211> 21 

<212> DNA 

<213> Sus scrofa 

<400> 26 

agaaggagac agacagggcga 




! 
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amino acid sequences 



Figure 2. Alignment of pig andhuman PRXAG3 cDNA sequences and^educed 

5 ' UTR 10 20 30 40 50 co 

TTCCTAGACC^GCAG^^ 

90 inn ~~" G "~: G T— G A-A-G-A- 



Pig 
Hum 



Pig 
Hum 



100 



110 



120 



130 



G^GGCC^ 



Pig 



Pig 
Hum 

Pig 
Hum 

Pig 
Hum 

Pig 

Hum 



Pig 
Hum 



170 



250 



180 



-TCG — G 



A A- 

210 



-T-A-G- 
220 



230 



A-G-A- 
160 
CA 

G 

240 



A 

190 200 

Hum ---^^ 

1 A ? T _ A< 

260 270 280 290 ^n 310 



.T G- 



330 340 A ""r TG-A-G G TG--G- 



410 A-A-A— C-G— A-TG A-AAG-C— C G— T T— 

GCCC S: cccc £*ff c TJfT c ^^ 

cos " ~ & — C— A— -G A-C--C ft 

a a a a a a a a a a a s a s a a s k a a 

- Arg A T — G t-A 



30 



a a a £ a 2 a a a a s a phi s a a s s e a 

______ T T — G 



:: 3 5 S = S = ? = s s ? = 5 s ? a = a a 5 



? = £ = s s £ 5 5 a 5 a a a a a a 5 a a 



Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 



a c ^ a a a §s a 5 5 a a a a a a 5 a a a a 



Gin 

GTC TCC ATC TCT 
Val Ser lie Ser 



110 



CCC AAT GAC AGC CTG TTC GAA GCT GTC TAC GCC CTC ATC AAG 
Pro Asn Asp Ser Leu Phe Glu Ala Val Tyr Ala Leu He Lys 

T T A 

------ Thr _ 

130 

CCG GTC CTG GAC CCT GTC TCC GGG GCT GTG CTC CAC ATC CTC 

2 i LeU ASP Pr ° Val Ser G1 y Ala v *l Leu His He Leu 

1 — T — T G — G —A — C AAC —A 

Asn - 

150 

AAG TTC CTG CAC ATC TTT GGC ACC CTG CTG CCC CGG CCC TCC 

!_! HiS Ile Ph ! G1 £ ™ r Leu Leu Pro Arg Pro Ser 
~ Ser 



120 
AAC CGG 
Asn Arg 



ATC CAC CGC CTG 
lie His Arg Leu 
T 



140 
ACA CAT 
Thr His 
— C 



AAG CGG CTT CTC 
Lys Arg Leu Leu 
--A — C --G 



160 
TTC CTC 
Phe Leu 



[Hum 

Pig 
I Hum 



Pig TAC CGC ACC ATC CAA 



170 



180 



TTG GGC ATC GGC ACA TTC CGA GH^TTG GCC GTG GTG CTG GAA 
Tyr Arg Thr He Gin Asp Leu Gly He Gly Thr Phe Arg Asp Leu Ala Val Val Leu Glu 
T T G 



190 



200 



ACG GCG CCC ATC CTG ACC GCA CTG GAC ATC TTC GTG GAC CGG CGT GTG TCT GCG CTG CCT 
Thr Ala Pro He Leu Thr Ala Leu Asp He Phe Val Asp Arg Arg Val Ser Ala Leu Pro 
~A —A T — T a _ 



iPig 
(Hum 

Pig 
Hum 

Pig 
I Hum 

Pig 
Hum 

I Pig 
I Hum 

I Pig 

! Hum 



210 



220 



GTG GTC AAC GAA ACT GGA CAG GTA GTG GGC CTC TAC TCT CGC TTT GAT GTG ATC CAC CTG 
Val Val Asn Glu Thr Gly Gin Val Val Gly Leu Tyr Ser Arg Phe Asp Val He His Leu 

TG T C T — C T 

- - - - Cys - 



230 



240 



GCT GCC CAA CAA ACA TAC AAC CAC CTG GAC ATG AAT GTG GGA GAA GCC CTG AGG CAG CGG 
Ala Ala Gin Gin Thr Tyr Asn His Leu Asp Met Asn Val Gly Glu Ala Leu Arg Gin Arg 
--- __ G ___ __ c --- G A __ 

250 260 
ACA CTG TGT CTG GAA GGC GTC CTT TCC TGC CAG CCC CAC GAG ACC TTG GGG GAA GTC ATT 
Thr Leu Cys Leu Glu Gly Val Leu Ser Cys Gin Pro His Glu Thr Leu Gly Glu Val He 
--- --A -- -- --G -A --- -- -- -- G G -C 

250 260 
GAC CGG ATT GTC CGG GAA CAG GTG CAC CGC CTG GTG CTC GTG GAT GAG ACC CAG CAC CTT 
Asp Arg He Val Arg Glu Gin Val His Arg Leu Val Leu Val Asp Glu Thr Gin His Leu 
A — — - 



-CT 
Ala 



A-G 



270 280 

CTG GGC GTG GTG TCC CTC TCT GAC ATC CTT CAG GCT CTG GTG CTC AGC CCT GCT GGA ATT 

Leu Gly Val Val Ser Leu Ser Asp He Leu Gin Ala Leu Val Leu Ser Pro Ala Gly He 

T C C A C -C 



CDS 

GAT GCC CTC GGG GCC TGA 
Asp Ala Leu Gly Ala *** 



Pig 

Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 

Pig 
Hum 



3 ' UTR 10 20 30 40 50 60 70 80 

GAACCTTGGAACCTTTGCTCTCAGGCCACCTGGCACACCTGGAAGCCAGTGAAGGGAGCCGTGGACTCAGCTCTCACTTC 

GA-CT GT-C-CAA C A A— . . A -A-T . . . — AGAA . T 

90 100 HO 120 130 140 150 160 

CCCTCAGCCCCACTTGCTGGTCTGGCTCTTGTTCAGGTAGGCTCCGCCCGGGGC CCCTGGCCTCAGCATCAGCCC 

— A.-C— A-T TCA A-G A CTTCT — A TTCCAAAATTG — T-T T T-GT--T- 

170 180 190 200 210 220 230 240 
CTCAGTCTCCCT . GGGCACCCAGATCTCAGACTGGGGCACCCTGAAGATG . GGAGTGGCCCAGCTTATAGCTGAGCAG C 
- . — AAC— T-C TG-CC-GTG— CCA . . -TGA AT-AA AACAG-T-AG-CA TG-AG-T- 

250 260 270 280 290 300 310 320 
CTTGTG. . AAATCTACCAGCATCAAGACT . . . CACTGTGGGACCACTGCTTTG . . . TCCCATTCTCAGCTGAAATGAT G 
-C— AACC-G-GGC--T— G— T-CCC-AGGG-CA-C— T-CT-CA— CCGCCCA C--GC-GC CTG-G-C- 

330 340 350 360 370 380 390 400 
GAGGGCCTCATAAGAGGGGTGGACAGGGC . . CTGGAGTAGAGGCCAGATCAGTGACGT . . GCCTTCAGG ACCTCCG 
— T C— GTG- . . -TT-A-T -TT T-CCTC-GTTTC-GG-CT— C-AT-G CCTTC-G T 

4 1° 420 430 440 450 460 470 480 

GGGAGTTAGAGCTGCCCTCTCTCAGTT CAGTTCCCCCCTGCTGAGAATG . TCCCTGGAAGGAAGCCAGTTAAT 

CCC TTG-.— C— CAACGTCGC--C-G T A — CTCC-G-C-TTG-CATTTC- — G-T-C-G- 

490 500 510 520 530 540 550 560 

AAACCTTGGTTGGATGGAATTTCCACACTCG 

— TG— GCA— TC-G— G CA-G-AGCAGCCGTTATTTATAGAACTGCCTGTTGGAGGTGGGGAGTCCTCCCT 

570 580 590 600 610 620 



630 



640 



CCATTCTTGTCCAGAAAACTCCTTAGCTCTCGCAGTGAGCCATGTTCTTAGTCTCCAGGG 



ATGG 



Pig 
Hum 



Pig 
Hum 



650 



660 



670 




690 



700 



710 



720* 



ACCCCTGAGAATGAGCAATTGAGAAAACAAAAC^GG 



730 740 
GCTGCAGTCATTTGACCTG 



Figure 3. Alignment of ^gMCG/SNF4 amino acid sequences fro^ouse, rat, human, pig 
Drosophila and yeast J r ' 



— S-.AAE-A 
— S-.AAE- 



•P- 
-L- 



10 20 30 40 50 60 

HumGl METVISSDSS PAVENEHPQE TPESNNSVYT SFMKSHRCYD LIPTSSKLW FDTSLQVKKA 
RacGl ~ * * ~ ~ 
MusGl 
HumG2 
PigG3 
HumG3 
Dros 
SNF4 



M H — QE-T AMA 1 M-EI 

M R — QE-T AMA 1 M-EI 

RDSRGLPVAD -FL-KVNLSD LE-DDSQIFV K-FRF-K A Q-L 

MKPTQ DSQ-KVSIEQ Q LAVES . . IR K-LN-KTS — VL-V-YR-I- L L S 



70 



80 



90 100 110 120 
HumGl FFALVTNGVR AAPLWDSKKQ SFVGMLTITD FINILHRYYK SALVQIYELE EHKIETWREV 
RatGl 



MusGl 

HumG2 A- 

A- 



PigG3 — ^ R _ p j - 

HumG3 A L V r -p j. Q J 

Dros -Y Y E-- Q K — QM PNASMEQ LD D- 

SNF4 LNV-LQ-SIV S TS R-A-L— T VIQY-FS NPD.KFELVD KLQLDGLKDI 



130 

HumGl YLQDSFKPL. 
RatGl 



140 150 160 

.VCISPNASL FDAVSSLIRN KIHRLPVIDP ESGN. 



170 180 
.TL YILTHKRILK 



MusGl 
HumG2 
PigG3 



-ET- 



-GC- 



H- 
H- 



-L- 
-L- 



HumG3 GC — S D — -E — YT — K- R L V V- 

Dros . -HNQVM S -G-D— Y — IKI — HS R AT V R 

SNF4 ERALGVDQ-D TAS-H-SRP E-CLKMLES RSG-I-L--Q DEETHREIW SV— QY 



190 200 210 220 230 240 
HumGl FLKLFITEFP KPEFMSKSLE ELQIGTYANI AMVRTTTPVY VALGIFVQHR VSALPWDEK 
RatGl 

musgi 1 q zrzzzzz 

HumG2 
PigG3 
HumG3 
Dros 
SNF4 



Q MS DM A — KQN-D --G H FIHPD--II K — N ER- I S 

— HI-G-LL- R-S-LYRTIQ D-G FRDL -V-LE-A-IL T — D DR N-T 

HI-GSLL- R-S-LYRTIQ D-G FRDL -V-LE-A-IL T — D DR N-C 

— F-Y-N-L AY-Q R — K N — ETADE — SI I T — KK — ER L— SD 

-VA-NCR- . . . TH-LKI PIG D-N-I-QD-M KSCQM 1 DVIQMLT-G SV-II — N 



250 260 270 280 290 300 

HumGl GRWDIYSKF DVINLAAEKT YNNLDVSVTK ALQHRSHYFE GVLKCYLHET LETIINRLVE 

RatGl A 

MusGl „ ? "III" 

HumG2 -K IT— Q Q V--NKL-I VD-I-R 

PigG3 -Q GL R H QQ H— MN-GE — RQ-TLCL S-QP GEV-D-I-R 

HumG3 -Q GL--R H QQ H--M — GE —RQ-TLCL S-QP — S -GEV-D-IAR 

Dros — L A D LR NE — NEW Q— N-D-S -Y— ME-I-R 

SNF4 -YLINV-EAY — LG-IKGGI — D-SL— GE — MR— DD YT-TKNDK -S— MDNIRK 

310 320 330 340 

HumGl AEVHRLWVD ENDVVKGIVS LSDILQALVL TGGEKKP* 



RatGl 



-H- 



MusGl -H?? D 

HumG2 N -A-SIV — I- 1- -PAGA-QKET ETE" 4 

PigG3 EQ L TQHLL-V SPAGIDALGA * 

HumG3 EQ L TQHLL-V SPAGIDALGA * 

Dros — RK-I--I- LY RPSGEGV 

SNF4 -R FF DVGRLV-VLT KYIL- GSN* 



B10I(D®5Maif 



6/8 



Figure 4. Neighbor-joining tree constructed for mammalian, Drosophila and 
yeast AMPKG/SNF4 amino acid sequences. 
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Yeast SNF4 
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Figure 5. Northern blot analysis of human mRNA using human PRKAG1, 
human PRKAG2 and porcine PRKAG3 probes 



PRKAG1 



PRKAG2 




-2.4 



-1.35 . 



-4.4 



-2.4 



-1.35 




-2.4 
.1.35 




PRKAG3 




*i -2.4 



aw 



-1.35 




-2.4 
■ 1.35 



H B PI L Li M K Pa 



S Th Pr Te O I C PBL 



§ 



8/8 



Figure 6. Detection of the missense mutation at nucleotide position 122 in 

PRKAG3 associated with RN- allele in pigs using the OLA method. 
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